In this paper, we present a new scheme to design an adaptive controller for uncertain nonlinear systems with unknown backlash, Coulomb friction nonlinearity. The control design is achieved by introducing a smooth approximate backlash model and certain well defined functions and by using backstepping technique. It is shown that the proposed controller can guarantee that the system is global asymptotic stable.
are the motor and load angular speeds; 2 12 , [ ] J J kgm are the motor and load moments of inertia; [ / ] C Nm rad is the spring constant; (.) signsign function of (.). We can rewrite (2) in form as: ), 0,
In [3] and [4] , we can approximate (6) by smooth function as:
In [6] and [8] , we can approximate (3) as: 
we obtain:
a a a a are known parameters (can be measured); unknown parameters are: 1  -width of backlash, 2  -including Coulomb friction. We can rewrite (9) as:
For system described by (10), we can design adaptive backstepping controller for system (1) based on theory introduced in [1].
Design of Adaptive Backstepping Controller:
Step 1:
Set the system's final output 12 yx  , because this speed can not be measured directly when variation of elastic is included, name its asymptotic value is d y , adjusting error 1 z can be calculated as: 11 dd z y y x y     (11) Assume that 0 d y  , we obtain:
Because 12 ,  are unknown parameters, we denote their corresponding estimated parameters are 12, , tracking errors are:
We choose Lyapunov function for 1 z is:
Where, ,  are adaptation gains. Differentiating of 1 V as:
We choose the first virtual control 1  is:
Step 2:
Expanding the 12 () zz  term:
From (14), we can write: 
We choose: Looking on the figures 3c, 3d, 4b, 4c, during the first 50 seconds, the velocity signal is driven by the PID control, this value is fluctuated. During the next 50s, the speed is driven by the adaptive backstepping control, the speed signal is steady and the speed of motor and load follows the reference command accurately.
The comparison of the simulating results in Matlab-Simulink and on real model can conclude about the truth of the designed control algorithm.
Conclusion:
In fact, backlash, elastic and friction always exist in electro-mechanic systems. Backlash and Coulomb friction are typical nonlinear elements. They cause bad effects on system's operation quality. This can not be overcome by using the traditional controllers. By using adaptive backstepping technique, the bad effects from backlash, elastic and friction are solved. The controller has designed for the electro-mechanic object class, which includes two nonlinear masses. The controller drives the system in a "calmer" operation, also gains "good" nonlinear characteristics. Especially, it always keeps the system in global asymptote stability.
